
t 

BELLCOMM, I N C .  
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 &9 09053 

SUBJECT: A Review o f  Bellcomm and LaRC DATE: September 23,  1969 
S t u d i e s  on F i n e  P o i n t i n g  w i t h  
a n  ATM Type System - Case 620 FROM: J .  Kranton 

R .  J .  Ravera 
P .  G .  Smith 

MEMORANDUM FOR FILE 

On September  5 we v i s i t e d  L a n g l e y ' s  S t a b i l i t y  and 

C o n t r o l  S e c t i o n  t o  d i s c u s s  t h e i r  comments on Bellcomm's work 
on f i n e  p o i n t i n g  of t e l e s c o p e s  ( * j 3 )  and t o  l e a r n  about  t h e i r  
work i n . t h i s  area.  We m e t  w i t h  W .  B .  Anderson, N .  J .  Groom, 
P .  R .  Kurzha ls  ( C h i e f ) ,  and J .  D .  Shaughnessy.  

C a p a b i l i t y  o f  ATM Type System, P .  G .  S m i t h ' s  Work 

P .  G .  Smith i n  r e f e r e n c e  ( 2 )  r e p o r t s  t h e  r e s u l t s  of  
h i s  work t o  de t e rmine  t h e  p o i n t i n g  s t a b i l i t y  i n h e r e n t  i n  an  
ATM t y p e  sys tem ( t h a t  i s ,  two degree-of-freedom h a r d  g i m b a l s ) .  
T h i s  work was m o t i v a t e d  by t h e  p o s s i b i l i t y  of u s i n g  t h e  ATM 
f o r  a s t e l l a r t e l e s c o D e  i n  t h e  f u t u r e .  Smith concluded  t h a t  t h e  
c u r r e n t  ATM has t h e  i n h e r e n t  c a p a b i l i t y  o f  a t t a i n i n g  a p o i n t i n g  
s t a b i l i t y  of  0 . 1  a r c s e c  f o r  a s t e l l a r  t e l e s c o p e .  H e  a l s o  found 
t h a t  by r e d u c i n g  t h e  s o u r c e s  o f  e r r o r ,  p a r t i c u l a r l y  t h e  g imbal  
motor  b reakou t  t o r q u e ,  a p o i n t i n g  s t a b i l i t y  o f  0 . 0 1  a r c s e c  c o u l d  
b e  a t t a i n e d .  

S m i t h ' s  s t u d y  d i d  n o t  g i v e  d e t a i l e d  c o n s i d e r a t i o n  t o  
t h e  s t a r  s e n s o r  o r  t e l e s c o p e  f l e x i b i l i t y .  However, data  on 
a s t a r  s e n s u r  f rom P e r k i n - E l m e ~ ( ~ ) ,  which w e  checked,  i n d i c a t e s  
t h a t  a s e n s o r  adequa te  f o r  t h e  p o i n t i n g  c o n t r o l  sys tem cou ld  be 
developed .  The q u e s t i o n  of  t e l e s c o p e  f l e x i b i l i t y  i s  now b e i n g  
s t u d i e d  and i s  d i s c u s s e d  below. 

Work of  L a n g e l y ' s  S t a b i l i t y  and C o n t r o l  S e c t i o n  

i n  May o f  t h i s  y e a r .  To d a t e  t h e y  have l a i d  o u t  a r e s e a r c h  
program d i r e c t e d  toward deve lop ing  t h e  t echno logy  r e q u i r e d  f o r  
f i n e  p o i n t i n g  s y s t e m s .  They have a l s o  deve ldped  a s i n g l e  a x i s  
a n a l o g  s i m u l a t i o n  of t h e  s o l a r  ATM. T h i s  s i m u l a t i o n  i n c l u d e s  
a sun  s e n s o r  w i t h  an  assumed deadband of 0 . 1  a r c s e c  and a ra te-  
s e n s o r  w i t h  an assumed t h r e s h o l d  of  0 . 1  a r c s e c / s e c .  The ATM 
s p a r  i s  model led  as a f l e x i b l e  b.ody u s i n g  MSFC data.  So f a r  
t h e  work accompl ished  w i t h  t h l s  s i m u l a t i o n  h a s  bePn t . n  a i i i i i c +  

( N A S A - C R - ~ ~ ~ I ~ ~ )  A REVIEW OF BELLCOMH AND N79-72514 
LABC STUDIES 08 F I N E  P O I N T I N G  WITH A M  A T M  
TYPE SYSTEM ( B e l k o m m ,  1nc-I 5 P 

T h i s  S e c t i o n  became i n v o l v e d  i n  f i n e  p o i n t i n g  c o n t r o l  
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t h e  feedback  g a i n s  i n  o r d e r  t o  a c h i e v e  a s t a b l e  sys tem.  T h e y  
have found,  as e x p e c t e d ,  t h a t  t h e  spar  wanders w i t h i n  t h e  
0 . 1  a r c s e c  deadband assumed f o r  t h e  sun  s e n s o r .  

They p l a n  n e x t  t o  a p p l y  crew motion d i s t u r b a n c e s ,  
which w i l l  b e  s i m u l a t e d  as band- l imi t ed  n o i s e  ( t h a t  i s ,  t h e  
o u t p u t  of  a f i l t e r  d r i v e n  by  w h i t e  n o i s e ) .  

It a p p e a r s  t h a t  fol low-on work b y  t h e  S t a b i l i t y  and 
C o n t r o l  S e c t i o n  w i l l  a d d r e s s  t h e  q u e s t i o n  of t h e  p o i n t i n g  s ta -  
b i l i t y  a t t a i n a b l e  f o r  a s t e l l a r  t e l e s c o p e  w i t h  an  ATM t y p e  s y s -  
t e m .  They are r i g h t l y  concerned w i t h  t h e  f a c t  t h a t  t h e  s t a r  
s e n s o r  and t e l e s c o p e  f l e x i b i l i t y  a r e  i m p o r t a n t  i t ems .  

Te le scope  F l e x i b i l i t y  

S i n c e  any t e l e s c o p e  s t r u c t u r e  w i l l  have a c e r t a i n  
amount of  f l e x i b i l i t y ,  t h e r e  i s  t h e  q u e s t i o n  of  what t h e  e f -  
f e c t  i s  of  t h e  t r a n s l a t i o n a l  motion induced  on t h e  t e l e s c o p e  
s u p p o r t  due t o  movements of  t h e  crew. G .  M .  Anderson has pub- 
l i s h e d  t h e  r e s u l t s  of h i s  work on t h i s  q ~ e s t i o n ' ~ ) .  
t h e  t e l e s c o p e  as a un i fo rm beam s u p p o r t e d  a t  i t s  mass c e n t e r  by 
a s p r i n g .  A t  t h e  s p a c e c r a f t  end  o f  t h e  s p r i n g ,  he a p p l i e d  a 
ramp f u n c t i o n  o f  t r a n s l a t i o n  which would r e s u l t  from an a s t r o -  
n a u t  push ing  o f f  o f  w a l l  o f  a r i g j d  s p a c e c r a f t  w i t h  imDulsive 
f o r c e .  This w o r s t  c a s e  d i s t u r b a n c e  was used  t o  scope  
t h e  f l e x i b i l i t y  problem. Anderson Found t h a t  w i t h  a r i g i d  
( s t i f f  s p r i n g )  s u p p o r t  t h i s  d i s t u r b a n c e  produced  t e l e s c o p e  bend- 
i n g  o f  from 0 . 5  t o  2 . 0  a r c s e c ,  which i s  c l e a r l y  e x c e s s i v e .  H e  
a l s o  found t h a t  by  r e d u c i n g  t h e  s p r i n g  c o n s t a n t  r e a l i s t i c a l l y  
t e l e s c o p e  bending  c o u l d  b e  reduced  t o  an a r b i t r a r i l y  low 
l e v e l ,  even below 0 . 0 1  a r c s e c .  T h i s  r e s u l t  conf i rmed t h a t  
t r a n s l a t i o n a l  d e c o u p l i n g  u s i n g  a s p r i n g  s u p p o r t  i s  e f f e c t i v e .  
However, s i n c e  t h e  crew motion d i s t u r b a n c e  was a wors t  c a s e  and 
n o t  r e p r e s e n t a t i v e  o f  normal crew a c t i v i t y ,  Anderson ' s  work 

H e  model led  

d i d  n o t  demons t r a t e  t h e  n e c e s s i t y  f o r  t r a n s l a t i o n a l  d e c o u p l i n g .  
H i s  work does i n d i c a t e ,  however, t h a t  more D r e c i s e  m o d e l l i n g  o f  
t h e  t e l e s c o p e ,  i ts  s u p p o r t  s t r u c t u r e ,  and crew d i s t u r b a n c e s  i s  
needed t o  d e a l  w i t h  t h e  problem. 

R .  J .  Ravera and P .  G .  S m i t h  have a l s o  s t u d i e d  t h e  
problem of t r a n s l a t i o n a l  decoup l ing  b u t  t h e i r  r e s u l t s  have 
n o t  been p u b l i s h e d .  They t r e a t e d  crew motion a s  a random 
p r o c e s s ,  j u s t  as p e r s o n n e l  a t  LaRC and MSFC are  doing .  Ravera ,  
u s i n g  t h e  same uni form beam model as Anderson, found t h a t  w i t h -  
o u t  t r a n s l a t i o n a l  decoup l ing  t e l e s c o p e  bending  i n t r o d u c e d  by random 
crew motion was small r e l a t i v e  t o  0 . 0 1  a r c s e c .  H e  a l s o  found 
t h i s  t o  be t h e  c a s e  when d i s c r e t e  masses were added t o  account  
f o r  t h e  pr imary  and secondary  m i r r o r s  of  t h e  t e l e s c o p e .  
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Smith has d e s i g n e d  s t r u c t u r a l  models of  1 and 2 
meter t e l e s c o p e s  w i t h  1 4 7  degrees-of-freedom. 
i n c l u d e  p r imary  and secondary  m i r r o r s  and an  i n s t r u m e n t  pack- 
a g e ,  and t h e  mechan ica l  s u p p o r t s  f o r  t h e s e  e l e m e n t s .  H i s  
f i n d i n g s  t o  d a t e  do n o t  i n d i c a t e  t h e  need f o r  t r a n s l a t i o n a l  de- 
c o u p l i n g .  

These models 

Although t h e  r e s u l t s  of  Ravera and Smith do n o t  i n -  
d i c a t e  t h e  need f o r  t r a n s l a t i o n a l  d e c o u p l i n g ,  t h e i r  i n v e s t i g a t i o n s  
are  n o t  comple te .  

Conclus ions  

I n  c o n c l u s i o n ,  based upon what w e  know today  t h e r e  
does  n o t  appea r  t o  b e  a n  in su rmoun tab le  problem t h a t  p r e c l u d e s  
a t t a i n i n g  a p o i n t i n g  s t a b i l i t y  of 0 . 0 1  a r c s e c  w i t h  an ATM t y p e  
sys t em ( t h a t  i s ,  two degree-of-freedom h a r d  g i m b a l s ) .  We 
r e c o g n i z e ,  however, t h a t  more a n a l y t i c a l  s t u d i e s  and s i m u l a t i o n s  
w i l l  be u s e f u l  i n  d i s c o v e r i n g  p o t e n t i a l  problem areas. We p l a n  
t o  c o n t i n u e  o u r  work i n  t h i s  area and w e  f e e l  t h a t  t h e  r e s e a r c h  
p l a n s  o f  LaRC a r e  w e l l  thought  o u t  and s h o u l d  be  p e r s u e d .  I n  
p a r t i c u l a r ,  i ndependen t  work s h o u l d  b e  done on 

1. in -dep th  m o d e l l i n g  o f  s t a r  s e n s o r  n o i s e ,  

2 .  deve lop ing  d e t a i l e d  f l e x i b i l i t y  models of  a c t u a l  
t e l e s c o p e  s t r u c t u r e s ,  and 

3 .  i n -dep th  s i m u l a t i o n s  of  t h e  f i n e  p o i n t i n g  c o n t r o l  
sys tem i n c l u d i n g  t e l e s c o p e  f l e x i b i l i t y ,  s t a r  s e n s o r  
n o i s e ,  and o t h e r  s o u r c e s  of  e r r o r .  

F i n a l l y ,  w e  r e c o g n i z e  t h a t  t h e  ATM g imbals  do n o t  
p r o v i d e  f i n e  r o l l  s t a b i l i t y  and t h a t  t h i s  q u e s t i o n  needs  s t u d y .  
I t  a p p e a r s  t o  be  a two p a r t  q u e s t i o n :  

1. r e q u i r e m e n t s ,  which depend on t h e  t y p e  o f  o b s e r v a t i o n s  - 
s p e c t r o g r a p h i c  or p h o t o g r a p h i c ,  and 

2 .  mechan iza t ion  - f i n e  r o l l  g imbal  o r  image motion com- 
p e n s a t i o n .  

%. J .  Kranton - 
J K :  R J R :  PGS : m l j  
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